INTRODUCTION
Soybean is the most important oilseed in the world market. During 2002 During -2003 of the 314 million metric tons of the worldwide oilseed production was obtained from soybean (www. soyatech.com). Soybean oil consumption in the United States and Mexico is higher than for any other vegetable oil (Asbridge, 1995) . Soybean oil contains the essential fatty acids (18:2 ω6 and 18:3 ω3) and thus makes it very attractive for human nutrition (Carvajal-Zarrabal y Angulo-Gerrero, 1997). However, the high concentrations of polyunsaturated fatty acids (PUFA) in soybean oils increase the oil's susceptibility to oxidation. Soybean oil has been frequently associated with a fishy flavor due to the presence of oxidation breakdown products from linolenic acid.
Sensory attributes of edible oils must be carefully monitored to maintain the flavor quality of the oil. The American Oil Chemists Society (AOCS, 1994) recommends using a sensory descriptive method to rate the sensory attributes of soybean oil. Selected sensory attribute intensities are estimated using a structured 10-point category scale. Such scales are designed to measure large differences in flavor among oils. However, perceptible differences may sometimes be small but still important. Therefore, panelists must be highly trained, so that they are very sensitive so that differences that might seem small to the ordinary person would seem great to them.
Because of the difficulties in sensory assessments, it is always tempting to substitute a sensory panel with instrumental measures. Accordingly, studies have compared instrumental and sensory quality measurements of oils and other oil based products (Nor Aini et al., 1992; Hawrysh et al., 1995; Jacobsen, 1999; Thompkins and Perkins, 1999; Caiping et al., 2003; Gomez-Alonso et al., 2004) . The hexanal/nonanal ratio has been associated with the rancid attribute in oxidized olive oil (Morales et al., 1997) .
Apparently, the most common attribute of 'offflavor' is rancidity (Jacobsen, 1999) which suggests that a targeted test for rancidity would be appropriate. Furthermore, such a test would involve less time and cost. Sensory difference tests, such as the 2-Alternative Forced Choice (2-AFC) method, sometimes called the paired comparison method, can be used to monitor rancidity with no need for highly trained personnel (Lawless and Heymann, 1988) . For the 2-AFC test, the panelists only need to know how to recognize rancid oil. This is normally well known by oil factory quality control workers.
Sensory difference tests are designed to measure small differences among oils, without the need for extensive training. These tests are very sensitive and this compensates for the lack of intensive training required for descriptive analysis. The 2-AFC test is one of the most powerful and sensitive difference tests (Ennis, 1990) . The test results can describe the degree of rancidity using various numerical measures. Perhaps the most useful index, is the one commonly used in experimental psychology, denoted as the d' index (Green and Swets, 1966) . This index is a measurement of the perceived difference between two oils expressed in units of standard deviation of the perceived variability of a single oil. It is essentially a signal-to-noise ratio.
The purpose of this study was to explore the sensitivity of the 2-AFC sensory method in detecting rancidity in oils. Such a method could be used as a quality control tool when the rancid attribute was the major contributor to oil 'off-flavor'. Because the study was a comparison between commercial oils on the market, rather than a storage study, any difference in rancidity would be expected to be small. A second goal was to examine any relationship between the quality parameters commonly measured by the industry (Free Fatty Acids (FFA), Peroxide Value (PV), Anisidine Value (AV), Conjugated Dienes (CD), colour and oxidative stability) and the sensory judgments of rancidity. . The oil stability index was determined using the Methrom Rancimat (Methrom 679; Herisau, Switzerland) and the TOTOX value (2PV + AV). For the Rancimat index, the oil sample size was 3.0g, the air flow rate was 20L/h, and the temperature was set at 110 o C. All tests were performed in triplicate.
MATERIALS AND METHODS

Samples
Sensory Analysis. Eight judges (3M; 5F age range 19-23 yrs) were used to compare the two sensory test methods. Judges were selected on their ability to recognize rancidity. The 2-AFC tests were performed first. For this, a judge was presented with two oils, asked to taste them and judge which one was the more rancid. Oil samples (5 ml) were presented to the judges at 51 o C in 30 ml crystal glasses, were tasted and spat out. Between tasting oils, judges were required to rinse with warm water (38-40 o C). They were required to rinse at least once but no more than six times, to avoid problems of forgetting. In a single session, four pairs of oils were presented. There were six possible pairings and over the eighteen experimental sessions that judges were required to attend, each of the six pairings was tested a total of twelve times in random order. Each session lasted 10-15 min.
After completing the first experiment, judges were trained for the descriptive analysis procedure as recommended by AOCS (Cg 2-83, Official Methods and Recommended Practices, 1994). Judges came every weekday for 16 weeks, each training session lasting approximately 40 min. The training involved judges learning to recognize the sensory attributes of nutty, buttery, corny, hydrogenated, rancid, beany, rubbery, weedy, grassy, burned, painty, and fishy. These were learned by giving the judges standard stimuli defined by AOCS to represent these attributes in oils. Judges also learned to use a 10-point category intensity scale. After training, judges were given a single oil and asked to rate the intensity of each of the attributes. They were allowed to retaste the oil as often as necessary and could rinse with warm water, if desired, between tastings. Each of the four oils was presented in separate sessions three times, for a total of 12 sessions. Each session lasted approximately 20 min.
Statistical Analysis
Data from the analytical tests and descriptive analysis of the oils were analyzed by ANOVA (p<0.05). Mean significance was tested using Fisher LSD test (p<0.05). Data from the 2-AFC test were analyzed using beta-binomial statistics (Bi and Ennis, 1998; Bi and Ennis, 1999; Bi et al., 2000) . Correlation coefficients were established using the Pearson's product-moment correlation (r) and by Spearman's ρ correlations.
RESULTS AND DISCUSSION
Fatty Acid Profile:
The fatty acid profile of the soybean oils was consistent with that of a typical soybean oil reference (Malcomson, 1995) , (Table  1) . It is important to remark on the presence of trans fatty acids in all the samples. This has also been reported by Medina-Juarez et al., (2000) who found levels of trans fatty acids at concentrations between 0.90 and 2.93% in soybean oil produced in Mexico. They attributed this to the high temperature (240-260 o C) used during deodorization. Kellens (1997) suggests temperatures of [230] [231] [232] [233] [234] [235] o C during deodorization to avoid trans fatty acid formation and major tocopherol losses (<25%). However, if the deodorization emperature is too low, FFA levels might remain high and this is not desirable for the oil stability. A compromise between temperature and all other deodorization parameters should be attained to reduce the amount of trans fatty acids in edible oils.
Free Fatty Acids. All the oil samples contained FFA levels around 0.04% (Table 2) . No significant differences in free fatty acids were found among the oils. These FFA values fell near the upper side of the recommended levels for refined oils (Malcomson, 1995) . The FFA level recommended for deodorized oils ranges from 0.03-0.05% (Norma Oficial Mexicana, 1985) . The high temperatures used during deodorization favor the reduction of FFA but promote the formation of trans fatty acid. Other deodorization parameters (Steam percentage, vapor pressure, time, etc) should also be considered for optimizing oil deodorization.
Peroxide Value. Results for peroxide values are given in Table 2 . Good quality soybean oil should not exceed peroxide values of 1.0. All sample oils exceeded this value except one (Nutrioli). However, no significant differences (p<0.05) were observed among oil samples. Peroxide value has no effect on oil flavor, therefore no correlation was found with the sensory quality of the oil (2-AFC test).
Conjugated dienoic acids. The results of this study (Table 2) showed no significant differences among the samples analyzed, although the Nutrioli brand oil contained the lowest CD level. Similar results were reported for other Mexican soybean oils, 0.17-0.69% (Medina-Juarez et al., 2000) . These intermediate components can react with molecular oxygen to form conjugated hydroperoxides (Frankel, 1998) . The extent of double bond displacement correlates well with the degree of peroxidation occurring in linoleic and linolenic acids in unsaturated oils. Double bonds can also shift to form CD during partial hydrogenation or deodorization of oil if the temperature rises above 245 o C (White, 1995) . Anisidine Value. Freshly refined soybean oil with good stability is expected to have anisidine values below 2 (Lusas and Hernández, 1993) . AV represents secondary oxidation products such as aldehydes. The highest value observed in this study corresponded to La Gloria oil (2.31mmol/kg) and the lowest was for Nutrioli oil (Table 2) . It has been reported that oils rich in polyunsaturated fatty acids, such as soybean oil, may have AV between 1 and 10. Henning (1976) suggests the use of AV to measure the degree of oxidation and the efficiency of the refining process of the oil. This is the only chemical parameter that showed significant differences among samples. Colour. All samples analysed achieved the color criteria established by Official Mexican Standards, 20Y 3R (Table 2) .
Oxidative Stability. The TOTOX value estimates the oxidative stability of oil by including the Peroxide and Anisidine Values of the oil; that is the primary and secondary oxidative compounds. In this study, La Gloria and Imperial brands had TOTOX levels above the expected value (4.0) for good quality oils (Table 2) . However, no significant difference was observed in TOTOX values of all the samples analysed. According to the Rancimat test, La Gloria and Imperial also had the highest Rancimat value (Table 2) . It is important to mention that, on their labels, these two oils reported the highest antioxidant (TBHQ) and citric acid levels used to preserve the oil stability, which may contribute to the highest Rancimat values found in these oils. There were significant differences (p<0.05) among the Rancimat oxidative stability of some oils, the highest being for La Gloria and Imperial brands (13.4 h) and the lowest for La Patrona brand (8.7 h).
Sensory Evaluation. For the 2-AFC tests, the proportion of tests performed correctly was noted for each judge and for each one of the six possible pairings of the commercial soybean oils. These data were combined over the eight judges (6 pairings x 8 judges) giving a total proportion of correct tests for each oil pairing (from 48). From these proportions, d' values were obtained using tables (Bi et al., 1997) . Testing whether the differences in perceived rancidity between the oils were statistically significant can be accomplished using binomial statistics. However, because judges and replicate tastings were combined, a problem arises with the binomial statistics. The problem is called overdispersion and is due to the fact that not all judges have the same sensitivity. The problem is solved, however, by using an adjustment to the binomial test called the beta-binomial (Bi and Ennis, 1998; Bi and Ennis, 1999; Bi et al., 2000) . The d' values for the six possible pairings of the oils are given in Table 3 . Also given are the significance levels, the probabilities that the differences indicated by the d' values were merely due to chance. Values lower than 0.05 are generally considered to be significant. From the table, it can be seen that the 2-AFC tests indicated significant differences for five of the six possible pairings.
For the official AOCS sensory descriptive analysis method, the mean scores (from 3 experimental sessions) for each of the 12 attributes for each of the 4 oils were recorded for each judge. These values are given in Table 4 . The statistical significance of the differences among the means was determined using ANOVA and LSD tests. From the table, it can be seen that for rancidity none of the means were significantly different. Therefore, the 2-AFC difference test was more sensitive to differences than the descriptive analysis.
A second goal of the study was to determine whether d' values would indicate any associations between the various chemical parameters (AV, PV, CD and FFA) and the sensory evaluation of rancidity. The usual approach to such a problem is to seek correlations between instrumental and sensory parameters. The correlation method usually chosen is Pearson's product-moment correlation (r), which determines the strength of a linear relationship between the two variables. However, linear relationships are comparatively rare in nature and such an approach may miss a monotonic relationship. Therefore, Spearman's ρ might be more suitable. This is a linear correlation between the ranks of the values measured for the two variables and is thus sensitive to detecting monotonic relationships (O'Mahony, 1986) relationship that shows a general increasing trend without monotonicity, the product-moment correlation might be more suitable. In the present study, both correlation methods were used.
In the literature for oils, Thompkins and Perkins (1999) reported a correlation (r=0.82) between AV and overall odor intensity, while Gomez-Alonso et al., (2004) found no relationship between FFA, PV and AV and rancidity threshold. However, they did suggest that 2,4 decadienal was relevant. For these studies (Nor Aini et al., 1992; Hawrysh et al., 1995; Jacobsen, 1999; Gomez-Alonso et al., 2004 ) the range of chemical values was far greater than in the present study; their range was such that the oils varied from acceptable to unacceptable. Thompkins and Perkins (1999) did not give actual values. With the comparatively small variation in levels of oxidation between the present oils, which were presumably all acceptable, the rancidity differences were smaller than in the studies mentioned above. A correlation between sensory measures of rancidity per se and instrumental measures would also be expected to be small, because of the small rancidity range. This was indicated by the lack of significance for the differences between rancidity scores obtained by the AOCS descriptive analysis method.
Because any changes in rancidity would be small, the 2-AFC test was necessary to detect them. Thus Rancimat values correlated with sensory differences in rancidity. For CD, Spearman's ρ was negatively correlated, indicating a significant monotonic decrease in rancidity with increasing CD. The authors are aware of no prior reports of this. Furthermore, this result is surprising because changes in CD would not be expected to be related to chemical changes in rancidity. Therefore, this result can provisionally be seen as due to chance. Finally, there was a significant correlation (r) between rancidity and AV value. Literature results regarding AV and sensory data are contradictory. In fact, while Thompkins and Perkins (1999) found a high correlation (r=0.82), Jacobsen (1999) reported no correlation between sensory data and AV. Jacobsen states that the lack of correlation between AV and sensory data may indicate the low sensitivity and specificity of the AV method to detect changes in concentration of volatiles responsible for the 'off-flavor' detected by sensory tests. However, Thompkins and Perkins (1999) reported highly significant correlations between AV and hexanal, which is the main breakdown product of linoleic acid. In any case, both papers agree on the importance of performing sensory evaluation to better assess stability on fat-containing products. Morales et al., (1997) reported that since hexanal is present in the original flavor of some oils (virgin olive oil) nonanal measurement might be a better predictor of oxidation onset. These authors suggest the use of hexanal/naonanal ratio as a way to detect the beginning of oxidation and its evolution. Correlation between this ratio and rancidity in soybean oils deserves further investigation.
The 2-AFC method was seen to be more sensitive to differences in rancidity than the official AOCS descriptive analysis method. Furthermore, the method indicated correlations between sensory measurements of rancidity and instrumental measurements that the official AOCS method could not. 
